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QHWZRUNKDVUHSRUWHGO\ VRPHRI WKHKLJKHVWZDWHU OHDNDJHV LQ*UHHFH²DVKLJKDVRUPRUH7KH LVODQG IDFHV
VHULRXVZDWHUVKRUWDJHLVVXHVZLWKDTXLIHUVDOLQL]DWLRQDQGGHWHULRUDWLQJJURXQGZDWHUTXDOLW\VLQFHDOOXUEDQZDWHU
QHHGVDUHFRYHUHGE\JURXQGZDWHU LW LV LPSRUWDQWWKDWQHWZRUN OHDNDJHLVUHGXFHGWRDPLQLPXP$Q\VLJQLILFDQW
LPSURYHPHQWLQOHDNDJHSUHYHQWLRQZRXOGLQYROYHDVHULHVRIVWUDWHJLFGHFLVLRQVDQGDFWLRQVRQEHKDOIRIWKHORFDO
ZDWHUXWLOLW\$WWKHERWWRPRIWKHVHDFWLRQVOLHVDUHOLDEOHZDWHUGHPDQGIRUHFDVWLQJURXWLQHWKDWZLOOEHEDVHGRQ
KLVWRULFDOGDWDDQGZLOOEHDEOHWRFDSWXUHLWVVWRFKDVWLFQDWXUH7KXVXUEDQZDWHUGHPDQGIRUHFDVWLQJLVDNH\VWHSIRU
ZDWHUXWLOLWLHVLQRUGHUWRRSWLPL]HZDWHUQHWZRUNRSHUDWLRQ
:DWHUGHPDQGLVDQLPSRUWDQWSDUDPHWHUWKDWQHHGVWREHWDNHQXQGHUFRQVLGHUDWLRQLQWKHRSHUDWLRQRIZDWHUVXSSO\
DQGGLVWULEXWLRQV\VWHPV7KHRSHUDWLRQRIWKHVHV\VWHPVUHTXLUHVIUHTXHQWDGMXVWPHQWVLQUHVSRQVHWRYDULDWLRQVLQ
GHPDQG LQ RUGHU WR RSWLPL]H LWV RSHUDWLRQ DQG PLQLPL]H GLVWULEXWLRQ FRVWV :DWHU GHPDQG LQFOXGHV KRXVHKROG
FRQVXPSWLRQEXWDOVRQHWZRUNOHDNDJHVLQFHLWLVWKHFRPELQHGDPRXQWWKDWLVSXWLQWRVXSSO\>@:DWHUGHPDQG
IRUHFDVWLQJDOVRSOD\VDVLJQLILFDQWUROHLQPDQDJLQJDQGSODQQLQJZDWHUVXSSO\RSHUDWLRQVDQGZDWHUFRQVHUYDWLRQ
VWUDWHJLHV6KRUWWHUPGHPDQGIRUHFDVWLQJLVQHHGHGLQRUGHUWRLQFUHDVHWKHVWDELOLW\RIXUEDQIUHVKZDWHUVXSSO\E\
DGMXVWLQJZDWHU VXSSO\ WR DFWXDO GHPDQG DQG FRQVXPSWLRQ WKXV UHVXOWLQJ LQ WKH RSWLPDO DQG WLPHO\ XVH RIZDWHU
UHVRXUFHV'HPDQGIRUHFDVWLQJLVDOVRFULWLFDOIRURSWLPDOSXPSVFKHGXOLQJDQGWKXVIRUVXSSO\LQJZDWHULQDPRUH
HQHUJHWLFDOO\HIILFLHQWPDQQHU>@
,QUHFHQW\HDUVGLIIHUHQWPHWKRGVDQGDSSURDFKHVWRXUEDQZDWHUGHPDQGIRUHFDVWLQJKDYHEHHQSURSRVHG7KHVH
PHWKRGVYDU\IURPWKHVLPSOHVWKLVWRULFDOH[WUDSRODWLRQWRVRSKLVWLFDWHGDQDO\WLFDOPRGHOVWKHUHIRUHWKHFKRLFHRIDQ
DSSURSULDWHPRGHOGHSHQGVRQWKHSXUSRVHRIWKHIRUHFDVWLQJUHTXLUHGE\ZDWHUXWLOLW\FRPSDQLHVDQGWKHTXDOLW\DQG
TXDQWLW\RIGDWD>@5HFHQWIRUHFDVWLQJPHWKRGVKDYHEHHQGHYHORSHGPDLQO\WRFRQWUROZDWHUGLVWULEXWLRQRSHUDWLRQ
V\VWHPVQHDUO\LQUHDOWLPHEDVHGRQWLPHVHULHVGDWDWKDWDUHFROOHFWHGVHTXHQWLDOO\RYHUYDULRXVWLPHSHULRGV6HYHUDO
WLPHVHULHVIRUHFDVWLQJPRGHOVWKDWIRUHFDVWIXWXUHZDWHUGHPDQGRQWKHEDVLVRISDVWREVHUYDWLRQVDQGDVVRFLDWHGHUURU
WHUPVDUHIRXQGLQWKHOLWHUDWXUH>@,QJHQHUDOWKHWLPHVHULHVIRUHFDVWLQJPRGHOVRIZDWHUGHPDQGFDQEHGLYLGHG
LQWRGHWHUPLQLVWLFDQGVWRFKDVWLFPRGHOV'HWHUPLQLVWLFPRGHOVDUHXVHGWRPRGHOWLPHVHULHVE\DVHULHVRIVHDVRQDO
ZHHNO\DQGGDLO\SDWWHUQVFRQVLGHULQJSK\VLFDOQDWXUH6WRFKDVWLFPRGHOVXVXDOO\DGRSWDQXPHULFDODSSURDFKVLQFH
WKH\DUHXVXDOO\IRUPXODWHGE\XVLQJVWDWLVWLFDODQGSUREDELOLVWLFPRGHOVWKDWDUHEXLOWRQKLVWRULFDOGDWD>@
,QZDWHUGHPDQGWLPHVHULHVPRGHOLQJFRPPRQVWRFKDVWLFPRGHOVDUHWKHSXUHUDQGRPRUZKLWHQRLVHPRGHO
WKHDXWRUHJUHVVLYH$5PRGHOWKHPRYLQJDYHUDJH0$PRGHOWKHDXWRUHJUHVVLYHPRYLQJDYHUDJH$50$PRGHO
WKHDXWRUHJUHVVLYH LQWHJUDWHGPRYLQJDYHUDJH $5,0$PRGHODQG WKH VHDVRQDODXWRUHJUHVVLYH LQWHJUDWHGPRYLQJ
DYHUDJH 6$5,0$ PRGHOV >  @ 7KHVH PRGHOV NQRZQ DV WUDGLWLRQDO VWDWLVWLFDO PRGHOV DUH OLQHDU LQ WKDW
SUHGLFWLRQVRIWKHIXWXUHYDOXHVDUHFRQVWUDLQHGWREHOLQHDUIXQFWLRQVRISDVWREVHUYDWLRQV%HFDXVHRIWKHLUUHODWLYH
VLPSOLFLW\LQXQGHUVWDQGLQJDQGLPSOHPHQWDWLRQOLQHDUPRGHOVKDYHEHHQWKHPDLQUHVHDUFKIRFXVDQGWRROVDSSOLHG
H[WHQVLYHO\GXULQJWKHSDVWIHZGHFDGHV>@
$OWKRXJK$5,0$PRGHOVDUHTXLWHIOH[LEOHLQWKDWWKH\FDQUHSUHVHQWVHYHUDOGLIIHUHQWW\SHVRIWLPHVHULHVLH
SXUH$5SXUH0$DQGFRPELQHG$5DQG0$$50$VHULHVWKHLUPDMRUOLPLWDWLRQLVWKHSUHDVVXPHGOLQHDUIRUP
RIWKHPRGHO7KDWLVDOLQHDUFRUUHODWLRQVWUXFWXUHLVDVVXPHGDPRQJWKHWLPHVHULHVYDOXHVDQGWKHUHIRUHQRQRQOLQHDU
SDWWHUQVFDQEHFDSWXUHGE\WKH$5,0$PRGHO7RRYHUFRPHWKHUHVWULFWLRQRI$5,0$PRGHODQGWRDFFRXQW IRU
FHUWDLQQRQOLQHDUSDWWHUQVREVHUYHGLQUHDOSUREOHPVDUWLILFLDOQHXUDOQHWZRUNV$11VKDYHEHHQSURSRVHGLQWKH
OLWHUDWXUH$11VKDYHEHHQVXJJHVWHGDVDQDOWHUQDWLYHWRWLPHVHULHV IRUHFDVWLQJWRGHDOZLWKOLQHDUDQGQRQOLQHDU
UHODWLRQVKLSV7KHPDMRUDGYDQWDJHRI11VLVWKHLUIOH[LEOHQRQOLQHDUPRGHOLQJFDSDELOLW\:LWK$11VWKHUHLVQR
QHHGWRVSHFLI\DSDUWLFXODUPRGHOIRUP5DWKHUWKHPRGHOLVDGDSWLYHO\IRUPHGEDVHGRQWKHIHDWXUHVSUHVHQWHGIURP
WKHGDWD7KLVGDWDGULYHQDSSURDFKLVVXLWDEOHIRUPDQ\HPSLULFDOGDWDVHWVZKHUHQRWKHRUHWLFDOJXLGDQFHLVDYDLODEOH
WRVXJJHVWDQDSSURSULDWHGDWDJHQHUDWLQJSURFHVV
$UHFHQWVWXG\UHYLHZVWKHOLWHUDWXUHRQXUEDQZDWHUGHPDQGIRUHFDVWLQJSXEOLVKHGIURPWRLQRUGHUWR
LGHQWLI\PHWKRGVDQGPRGHOVXVHIXOIRUVSHFLILFZDWHUXWLOLW\GHFLVLRQPDNLQJSUREOHPV>@,WSUHVHQWVDQDQQRWDWHG
UHIHUHQFHOLVWRIWKHPHWKRGVDQGPRGHOVIRUZDWHUGHPDQGIRUHFDVWLQJLGHQWLI\LQJWKHIRUHFDVWYDULDEOHDQGSHULRGLFLW\
WKHGHWHUPLQDQWVXVHGDQGWKHIRUHFDVWKRUL]RQ5HVXOWVVKRZWKDWDOWKRXJKDZLGHYDULHW\RIPHWKRGVDQGPRGHOV
KDYHDWWUDFWHGDWWHQWLRQDSSOLFDWLRQVRIWKHVHPRGHOVGLIIHUGHSHQGLQJRQWKHIRUHFDVWYDULDEOHLWVSHULRGLFLW\DQGWKH
IRUHFDVWKRUL]RQ7KHSRSXODUPRGHOVXVHGIRUVKRUWWHUPIRUHFDVWLQJDUH$5,0$DQG$11V7KH\JDLQHGSRSXODULW\
GXH WR WKH DGYDQWDJHRXV FKDUDFWHULVWLFV RI HDFK RQH VXFK DV WKH DELOLW\ WR FDWFK WKH JHQHUDO WUHQG DQG VHDVRQDO
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IOXFWXDWLRQIRUWKH$5,0$DQGWKHDELOLW\WRFDWFKQRQOLQHDUFRPSRQHQWVUHTXLULQJOHVVVWDWLVWLFDOWUDLQLQJIRUWKH
$11V
$OVRK\EULGPRGHOVKDYHEHHQVXJJHVWHGFRPELQLQJWKH$5,0$PRGHODQGQHXUDOQHWZRUNVLQRUGHUWRRYHUFRPH
WKHGHILFLHQFLHVRIVLQJOHPRGHOV6XHWDO>@XVHGDK\EULGPRGHOWRSUHGLFWDWLPHVHULHVRIUHOLDELOLW\GDWDZLWK
JURZWKWUHQG7KHLUUHVXOWVVKRZHGWKDWWKHK\EULGPRGHOSURGXFHGEHWWHUSUHGLFWLRQVWKDQHLWKHUWKH$5,0$PRGHO
RUWKHQHXUDOQHWZRUNE\LWVHOI=KDQJ>@SURSRVHGDK\EULG$5,0$DQG$11PRGHOWRWDNHDGYDQWDJHRIWKHWZR
WHFKQLTXHVDQGDSSOLHGWKHSURSRVHGK\EULGPRGHOWRVRPHUHDOGDWDVHWV+HFRQFOXGHGWKDWWKHFRPELQHGPRGHOFDQ
EHDQHIIHFWLYHZD\WRLPSURYLQJSUHGLFWLRQVDFKLHYHGE\HLWKHURIWKHPRGHOVXVHGVHSDUDWHO\)DUXN>@SURSRVHGD
K\EULGQHXUDOQHWZRUNDQG$5,0$PRGHOGHYHORSHGIRUWKH%X\XN0HQGHUHVULYHU IRUZDWHUTXDOLW\WLPHVHULHV
SUHGLFWLRQ +H LQGLFDWHG WKDW WKH DSSURDFK RI FRPELQLQJ WKH VWUHQJWKV RI WKH FRQYHQWLRQDO DQG $11 WHFKQLTXHV
SURYLGHVDUREXVWPRGHOLQJIUDPHZRUNFDSDEOHRIFDSWXULQJWKHQRQOLQHDUQDWXUHRIWKHFRPSOH[ZDWHUTXDOLW\WLPH
VHULHVWKXVSURGXFLQJPRUHDFFXUDWHIRUHFDVWV
,QJHQHUDO UHVHDUFKDFWLYLWLHV LQZDWHUGHPDQG IRUHFDVWLQJZLWK$11VVXJJHVW WKDW$11VFDQEHDSURPLVLQJ
DOWHUQDWLYH WR WKH WUDGLWLRQDO OLQHDUPHWKRGV ,Q -HQWJHQ HW DO >@ DXWKRUV H[SORLWHG WKHSHUIRUPDQFHRI$5,0$
PRGHOVDQG$11VIRUIRUHFDVWLQJZKLFKDUHRIWHQFRPSDUHG²ZLWKPL[HGFRQFOXVLRQV²LQWHUPVRIWKHVXSHULRULW\
LQIRUHFDVWLQJSHUIRUPDQFH7KH$5,0$PRGHOFDQQRWGHDOZLWKQRQOLQHDUUHODWLRQVKLSVZKLOHWKHQHXUDOQHWZRUN
PRGHO DORQH LV QRW DEOH WR KDQGOH ERWK OLQHDU DQG QRQOLQHDU SDWWHUQV HTXDOO\ ZHOO 7KXV K\EULG PRGHOV ZHUH
LQYHVWLJDWHGWKDWDUHFDSDEOHRIH[SORLWLQJWKHVWUHQJWKVRIWUDGLWLRQDOWLPHVHULHVDSSURDFKHVDQG$11V>@'XHWR
WKHSUHVHQWFRPSOH[LW\LQUHDOOLIHWLPHVHULHVHIILFLHQWDSSURDFKHVDUHQHHGHG
7KHJRDORIWKLVVWXG\LV WRHYDOXDWHPHWKRGRORJLHVDQGLGHQWLI\WKHPRVWVXLWDEOHPHWKRGIRUIRUHFDVWLQJXUEDQ
ZDWHU GHPDQG UHOHYDQW WR ZDWHUXWLOLW\ GHFLVLRQPDNLQJ SUREOHPV 7KHVH PHWKRGV ZLOO EH DSSOLHG WR WKUHH\HDU
KLVWRULFDOZDWHUGHPDQGGDWDRI6NLDWKRV*UHHFHIRUVKRUWWHUPXUEDQZDWHUGHPDQGIRUHFDVWLQJ:HLQYHVWLJDWHWKH
XVHRIWKHWZRPRVWSRSXODUWLPHVHULHVIRUHFDVWLQJPHWKRGVIRUZDWHUGHPDQG$5,0$DQG$11DQGH[WHQGRXU
DQDO\VLVWRRWKHUPHWKRGVVXFKDVWKH:LQWHUV¶$GGLWLYH([SRQHQWLDO6PRRWKLQJDQGK\EULG$5,0$$11WRREWDLQ
PRUHUHOLDEOHDQGDFFXUDWHVKRUWWHUPIRUHFDVWLQJ%DVHGRQWKHUHVXOWVZHFRQFOXGHRQWKHPRVWVXLWDEOHPHWKRGIRU
VKRUWWHUPXUEDQZDWHUGHPDQGSUHGLFWLRQIRU6NLDWKRVDQGHYDOXDWHWKHDFFXUDF\RIIRUHFDVWHGYDOXHV
0DWHULDOVDQG0HWKRGV
7KHSHULRGRQZKLFKWKHPRGHOVDUHFDOLEUDWHGDQGYDOLGDWHGLVDSSUR[LPDWHO\WKUHH\HDUVIURP-DQXDU\WR
1RYHPEHU)RUWKLVWLPHSHULRGLQFROODERUDWLRQZLWKWKH6NLDWKRV0XQLFLSDO(QWHUSULVHIRU:DWHU6XSSO\DQG
6HZHUDJH ZZZGH\DVNLDWKRVJU ZH REWDLQHG GDLO\ JURXQGZDWHU SXPSLQJ YDOXHV )URP WKH GDLO\ YDOXHV ZH
SURGXFHGPRQWKO\DQGTXDUWHUO\DYHUDJHVVRDVWRLQYHVWLJDWHWKHWUHQGVDQGVHDVRQDOLW\RIZDWHUGHPDQGLQPLFUR
DQG PDFUR VFDOH 7KH WLPH VHULHV¶ YDOXHV GR QRW WDNH LQWR DFFRXQW QHWZRUN OHDNDJH VLQFH WKH\ UHSUHVHQW ZDWHU
PHDVXUHPHQWDWWKHQHWZRUNLQOHW$OWKRXJKWKLVGRHVQRWFRUUHVSRQGWRDFWXDOZDWHUFRQVXPSWLRQLWUHSUHVHQWVWKH
ZDWHUGHPDQGH[HUWHGRQORFDOZDWHUUHVRXUFHVVRLWLVDYDOLGZDWHUGHPDQGGDWDVHW%HIRUHDSSO\LQJWKHYDULRXV
PHWKRGVRQWKHGDWDSUHVHQWHGEHORZWKHGDLO\WLPHVHULHVLVQRUPDOL]HGDIWHUWKHRXWOLHUVDUHUHPRYHG)XUWKHUPRUH
WKHVHYDOXHVUHIHUWRWKHDPRXQWVRIZDWHUSXPSHGHDFKGD\DQGVWRUHGLQWRDWDQN,IRQHGD\¶VGHPDQGLVOHVVWKDQ
WKHDPRXQWRIZDWHUSXPSHGDWWKDWGD\WKHVXUSOXVOHIWLQWKHWDQNLVXVHGWRFRYHUQH[WGD\¶VGHPDQGDGGLWLRQDOWR
ZKDWZLOOEHSXPSHG7KLVPHDQVWKDWWKLVWLPHVHULHVLVQRWTXLWHUHSUHVHQWDWLYHRIWKHGDLO\IOXFWXDWLRQVRIGHPDQG
EXWLVDGHTXDWHO\DFFXUDWHIRUWKHPRQWKO\DYHUDJHGVFDOH7KHUHIRUHRXUDQDO\VLVVKRZVWKDWWKHPRGHOVDUHFDSDEOH
RIFDSWXULQJWKHLQWHQVHVHDVRQDOLW\RIGDWDZKHQPRQWKO\DQGTXDUWHUO\DYHUDJHGWLPHVHULHVDUHXVHG7KHIRUHFDVWLQJ
PRGHOVWKDWZHFKRVHWRDSSO\DUHERWKOLQHDUDQGQRQOLQHDUVSHFLILFDOO\WKH\DUHWKHVHDVRQDO$5,0$WKH:LQWHUV¶
$GGLWLYH([SRQHQWLDO6PRRWKLQJ$11DQGDK\EULGDSSURDFKDVGHVFULEHGEHORZ
$5,0$
$XWRUHJUHVVLYHLQWHJUDWHGPRYLQJDYHUDJH$5,0$LVRQHRIWKHPRVWLPSRUWDQWDQGZLGHO\XVHGOLQHDUPRGHOV
LQWLPHVHULHVIRUHFDVWLQJGXULQJWKHSDVWWKUHHGHFDGHV>@7KHSRSXODULW\RIWKH$5,0$PRGHOLVGXHWRLWVVWDWLVWLFDO
SURSHUWLHVDVZHOODVWKHZHOONQRZQ%R[±-HQNLQVPHWKRGRORJ\LQWKHPRGHOEXLOGLQJSURFHVV,QDGGLWLRQYDULRXV
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H[SRQHQWLDOVPRRWKLQJPRGHOVFDQEHLPSOHPHQWHGE\$5,0$PRGHOV>@,QDQ$5,0$PRGHOWKHIXWXUHYDOXH
RIDYDULDEOHLVDVVXPHGWREHDOLQHDUIXQFWLRQRIVHYHUDOSDVWREVHUYDWLRQVDQGUDQGRPHUURUV7KHOLQHDUIXQFWLRQLV
EDVHGXSRQWKUHHSDUDPHWULFOLQHDUFRPSRQHQWV$5LQWHJUDWLRQ,DQG0$PHWKRG>@
$6$5,0$PRGHOLVH[SUHVVHGDV$5,0$SGTî3'4ZKHUHSGTLVWKHQRQVHDVRQDOSDUWRIWKH
PRGHODQG3'4LVWKHVHDVRQDOSDUWRIWKHPRGHO>@7KHYDOXHRISLVWKHRUGHURIQRQVHDVRQDO$5DQGLV
GHWHUPLQHGIURPWKHSDUWLDODXWRFRUUHODWLRQVRIWKHDSSURSULDWHO\GLIIHUHQFHGWLPHVHULHV,IWKHSDUWLDODXWRFRUUHODWLRQV
FXWRIIDIWHUDIHZODJVWKHODVWODJZLWKDODUJHYDOXHZRXOGEHWKHHVWLPDWHGYDOXHRIS,IWKHSDUWLDODXWRFRUUHODWLRQV
GRQRWFXWRIIZHHLWKHUKDYHDPRYLQJDYHUDJHPRGHOS RUDQ$5,0$PRGHOZLWKSRVLWLYHSDQGT7KHYDOXH
RI G LV WKH QXPEHU RI UHJXODU GLIIHUHQFLQJ DQG LV HVWLPDWHG E\ FRQVLGHULQJ WKH DXWRFRUUHODWLRQ SORWV:KHQ WKH
DXWRFRUUHODWLRQVGLHRXWTXLFNO\WKHDSSURSULDWHYDOXHRIGKDVEHHQIRXQG7KHYDOXHRITLVWKHRUGHURIQRQVHDVRQDO
0$,WLVIRXQGIURPWKHDXWRFRUUHODWLRQVRIWKHDSSURSULDWHO\GLIIHUHQFHGVHULHV,IWKHDXWRFRUUHODWLRQVFXWRIIDIWHU
DIHZODJVWKHODVWODJZLWKDODUJHYDOXHZRXOGEHWKHHVWLPDWHGYDOXHRIT,IWKHDXWRFRUUHODWLRQVGRQRWFXWRIIZH
HLWKHUKDYHDQDXWRUHJUHVVLYHPRGHOT RUDQ$5,0$PRGHOZLWKDSRVLWLYHSDQGT5HVSHFWLYHO\3LVWKHQXPEHU
RIVHDVRQDO$5WHUPV'LVWKHQXPEHURIVHDVRQDOGLIIHUHQFHVDQG4LVWKHQXPEHURIVHDVRQDO0$,GHQWLILFDWLRQRI
DVHDVRQDOVHULHVLVPXFKPRUHGLIILFXOW%R[-HQNLQVGHVFULEHPHWKRGVIRUPRGHOLGHQWLILFDWLRQEXWWKHXVHUPXVWEH
YHU\ VNLOOHG DQG H[SHULHQFHG WR VXFFHVVIXOO\ LGHQWLI\ WKHPRGHO RUGHU8VXDOO\ WULDO DQG HUURUPXVW EHXVHG ,W LV
SUHIHUDEOHWRNHHSWKHQXPEHURISDUDPHWHUVWRDPLQLPXPVRWKHYDOXHVRIS3T4GDQG'WKDWDUHVHOHFWHG
VKRXOGEHOHVVWKDQRUHTXDOWRWZR>@
7KH$5,0$PRGHORUGHULVLGHQWLILHGE\WKHWULDODQGHUURUPHWKRGZLWKXVHRI,%063666WDWLVWLFV7KHFULWHULD
DUHWKHRSWLPDOFRPELQDWLRQRIVWDWLVWLFDODPRXQWVWKH5VTXDUHWKH5RRW0HDQ6TXDUH(UURU506(WKH0HDQ
$EVROXWH 3HUFHQWDJH (UURU 0$3( DQG WKH0HDQ $EVROXWH (UURU 0$( 7KH 5 VTXDUH VKRXOG EH PD[LPL]HG
DSSURDFKLQJWKHYDOXHRI2QWKHFRQWUDU\506(0$3(DQG0$(WDNHYDOXHVGHSHQGLQJRQWKHRUGHURIPDJQLWXGH
RIWKHYDULDEOHWKDWLVEHLQJIRUHFDVWHGDQGVKRXOGEHPLQLPL]HGLGHDOO\QXOOHG
:LQWHUV¶$GGLWLYH([SRQHQWLDO6PRRWKLQJ
7KH:LQWHUV¶$GGLWLYHPHWKRG>@LVDSSOLFDEOHZKHQWKHWLPHVHULHVFRQWDLQVDVHDVRQDOFRPSRQHQW7KLVPHWKRG
DVVXPHV WKDW WKH WLPH VHULHV LV FRPSRVHG E\ D OLQHDU WUHQG DQG D VHDVRQDO F\FOH LW FRQVWUXFWV WKUHH VWDWLVWLFDOO\
FRUUHODWHGVHULHVVPRRWKHGWUHQGDQGVHDVRQDODQGSURMHFWVIRUZDUGWKHLGHQWLILHGWUHQGDQGVHDVRQDOLW\7KHDGGLWLYH
PHWKRGLVSUHIHUUHGZKHQWKHVHDVRQDOYDULDWLRQVDUHURXJKO\FRQVWDQWWKURXJKWKHVHULHV:LWKWKHDGGLWLYHPHWKRG
WKHVHDVRQDOFRPSRQHQWLVH[SUHVVHGLQDEVROXWHWHUPVLQWKHVFDOHRIWKHREVHUYHGVHULHVDQGLQWKHOHYHOHTXDWLRQWKH
VHULHVLVVHDVRQDOO\DGMXVWHGE\VXEWUDFWLQJWKHVHDVRQDOFRPSRQHQW:LWKLQHDFK\HDUWKHVHDVRQDOFRPSRQHQWZLOO
DGGXSWRDSSUR[LPDWHO\]HUR7KHUHIRUHWKH:LQWHUV¶DGGLWLYHLVEDVHGRQWKHLPSOLFLWDVVXPSWLRQWKDWWKHGLIIHUHQW
FRPSRQHQWVDIIHFWWKHWLPHVHULHVLQDQDGGLWLYHIDVKLRQDVVKRZQEHORZ>@
)RUHFDVW /HYHO7UHQG6HDVRQDO  
$UWLILFLDO1HXUDO1HWZRUNV
$Q$11PRGHOLVDPDVVLYHO\SDUDOOHOGLVWULEXWHGSURFHVVRUWKDWKDVDQDWXUDOSURSHQVLW\IRUVWRULQJH[SHULHQWLDO
NQRZOHGJHDQGPDNLQJLWDYDLODEOHIRUODWHUXVH>@,WUHVHPEOHVWKHEUDLQLQWZRUHVSHFWV7KH$11PRGHOVFDQ
UHFRJQL]HWUHQGVSDWWHUQVDQGOHDUQIURPWKHLULQWHUDFWLRQVZLWKWKHHQYLURQPHQW7KHPRVWH[WHQVLYHO\VWXGLHGDQG
XVHG$11PRGHOVDUH WKHPXOWLOD\HU IHHG IRUZDUGQHWZRUNV >@ZKLFKDOORZ LQIRUPDWLRQ WUDQVIHURQO\ IURPDQ
HDUOLHUOD\HUWRWKHQH[WFRQVHFXWLYHOD\HUV+HQFHWKH$11PRGHOSHUIRUPVDQRQOLQHDUIXQFWLRQDOPDSSLQJIURPWKH
SDVWREVHUYDWLRQVWRWKHIXWXUHYDOXH\W7KXVWKH11LVHTXLYDOHQWWRDQRQOLQHDU$5PRGHO$QHXUDOQHWZRUNPXVW
EH³WUDLQHG´WRGHWHUPLQHWKHYDOXHVRIWKHZHLJKWVWKDWZLOOSURGXFHWKHFRUUHFWRXWSXWV,QDWUDLQLQJVWHSDVHWRI
LQSXWGDWDLVXVHGIRUWUDLQLQJDQGLVSUHVHQWHGWRWKHQHWZRUNPDQ\WLPHV7KHSHUIRUPDQFHRIWKHQHWZRUNLVWHVWHG
DIWHUWKHWUDLQLQJVWHSLVVWRSSHG7KHEDFNSURSDJDWLRQDOJRULWKPDGMXVWVWKHZHLJKWVLQWKHVWHHSHVWGHVFHQWGLUHFWLRQ
QHJDWLYHRIWKHJUDGLHQW>@7KH$11PRGHOLVDSSOLHGZLWKWKH=DLWXQWLPHVHULHVVRIWZDUH
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+\EULGDSSURDFK
7KHFRPELQDWLRQRIWKH$5,0$DQG$11PRGHOVLVSHUIRUPHGWRXVHHDFKPRGHOFDSDELOLW\WRFDSWXUHGLIIHUHQW
SDWWHUQVLQWKHGDWD$Q$5,0$PRGHOLVQRWVXIILFLHQWLI WKHUHDUHVWLOOQRQOLQHDUFRUUHODWLRQVWUXFWXUHVOHIW LQWKH
UHVLGXDOV 7KHUHIRUH WKH UHVLGXDOV FDQ EH PRGHOHG E\ XVLQJ $11V WR GLVFRYHU QRQOLQHDU UHODWLRQVKLSV 7KH
PHWKRGRORJ\FRQVLVWVRIWZRVWHSVLQWKHILUVWVWHSWKH$5,0$PRGHOLVGHYHORSHGWRIRUHFDVWZDWHUGHPDQGDQG
LQWKHVHFRQGVWHSWKH$11PRGHOSUHVHQWHGDERYHLVXVHGWRVLPXODWHWKHUHVLGXDOVIURPWKH$5,0$PRGHO7KH
K\EULGPRGHOLVEXLOWXVLQJWKH,%063666WDWLVWLFVDQG=DLWXQ7LPH6HULHVVRIWZDUHSDFNDJHV
5HVXOWVDQG'LVFXVVLRQ
)LJVKRZVDSORWRIWKHTXDUWHUO\ZDWHUGHPDQGWKURXJKRXWWKHWKUHH\HDUVWKDWZHKDGDYDLODEOHGDWDDQGWKH
IRUHFDVWHGZDWHUGHPDQGIRUWKHIROORZLQJ\HDU:DWHUGHPDQGLVSORWWHGDVDXQLWOHVVQRUPDOL]HGYDOXHLQRUGHUWR
PDNHUHODWLYHYDOXHVPRUHFOHDU7KURXJKWKHTXDUWHUO\DYHUDJHGGDWDSURFHVVLQJ LQZKLFKZHKDYHUHGXFHGGDLO\
YDOXHVIRUWKUHH\HDUVWRIRXUYDOXHVSHU\HDULWHPHUJHVWKDWWKHUHLVDSHDNLQVXPPHUDOPRVWVL[WLPHVKLJKHUWKDQ
WKH ZLQWHU GHPDQG ZKLOH VSULQJ DQG DXWXPQ SHULRGV DUH DVFHQGLQJ DQG GHVFHQGLQJ UHVSHFWLYHO\ 7KH GUDPDWLF
VXPPHU LQFUHDVH LV GXH WR WKH LQWHQVH VXPPHU WRXULVWLF DFWLYLW\²6NLDWKRV LVODQG LV VXSSRVHGO\ RQH RI WKHPRVW
WRXULVWLFLVODQGVLQ*UHHFH²ZKLOHWHPSHUDWXUHLQFUHDVHSOD\VDUROHDVZHOO,WVKRXOGEHQRWHGKHUHWKDWOHDNDJHLVQRW
FRQVWDQWWKURXJKRXWWKH\HDUEXWLWLVUHODWHGWRSUHVVXUHLQWKHZDWHUGLVWULEXWLRQQHWZRUNDQGWKHUHIRUHWRGHPDQG
7KHGLVWULEXWLRQRIZDWHUGHPDQGLVVHDVRQDODQGIDLQWO\IROORZVDQDVFHQGLQJWUHQGWKURXJKWKH\HDUV7KHDVFHQGLQJ
WUHQGFRXOGEHPRUHMXVWLILHGLIORQJHUWLPHVHULHVGDWDZHUHDYDLODEOHKRZHYHULWFRUUHVSRQGVWRWKHREVHUYHGDQQXDO
SRSXODWLRQLQFUHDVH
,Q)LJDQGLQZKLFKGLDJUDPVRIQRUPDOL]HGZDWHUGHPDQGWKURXJKWLPHDUHSUHVHQWHGWKHEOXHVKDGHGDUHD
LV WKHHVWLPDWLRQSHULRG²WKHSHULRGIRUZKLFKZHKDYHKLVWRULFDOGDWDDQGRQZKLFKZHDUHEDVLQJRXUIRUHFDVW²
ZKLOHWKHJUHHQVKDGHGDUHDLVWKHIRUHFDVWSHULRGIRU\HDU,Q)LJZHVHHWKDWWKHPHWKRGXVHVILUVW\HDUGDWD
WREH³WUDLQHG´DQGLVRQO\FDSDEOHRISUHGLFWLQJYDOXHVLQVXEVHTXHQW\HDUV7KHPRUH³WUDLQLQJ´WKHPRGHOKDVWKH
EHWWHUSUHGLFWLRQV LWFDQSURGXFH ,QRXUFDVH WKUHH\HDUV LVDYHU\ OLPLWHG WLPHVR WKLVDQDO\VLV VKRZVKRZJRRG
IRUHFDVWVFDQEHHYHQZLWKWKHOLPLWHGGDWDVHWRIRQO\WKUHH\HDUV+DYLQJDWWHPSWHGWRREWDLQGHPDQGIRUHFDVWYDOXHV
XVLQJDOOPRGHOVSUHVHQWHGKHUHLQZHKDYHFRQFOXGHGWKDWWKH:LQWHUV¶$GGLWLYH([SRQHQWLDO6PRRWKLQJLVWKHRQO\
PRGHOWKDWLVFDSDEOHRISURGXFLQJDIRUHFDVWEDVHGRQVXFKIHZYDOXHVVRZHRQO\VKRZWKHVHUHVXOWV


)LJ)LWDQGIRUHFDVWRIWKHQRUPDOL]HGTXDUWHUO\ZDWHUGHPDQG
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7DEOH6WDWLVWLFDODPRXQWVIRUWKHDGHTXDF\RIWKH:LQWHUV
$GGLWLYH6PRRWKLQJ([SRQHQWLDOPRGHOIRU
WKHTXDUWHUO\ZDWHUGHPDQG
5VTXDUH 506( 0$3( 0$(
   

7DEOHSUHVHQWVWKHFRUUHVSRQGLQJVWDWLVWLFVIRUWKH:LQWHU¶VPRGHOWKDWFRQILUPWKHIDFWWKDWWKHSUHGLFWHGYDOXHV
FRUUHVSRQGTXLWHZHOOWRWKHGDWDWKURXJKWKHKLJKYDOXHRI5VTXDUHWKDWLVDOPRVW
7KH506(0$3(DQG0$(DUHUHODWLYHO\ORZ7KHDUHDVZLWKWKHSRRUHVWILWWLQJFRQFHUQWKHZLQWHUSHULRG
:HUHSHDW WKHVDPHDQDO\VLV IRU WKHPRQWKO\DYHUDJHZDWHUGHPDQG ,Q WKLVFDVH VHYHUDOPRGHOVJLYHTXLWHJRRG
SUHGLFWLRQVDVVKRZQLQ)LJ2EVHUYLQJ WKHPRQWKO\DYHUDJHGZDWHUGHPDQGLWFDQEHGHGXFHGWKDW WKHVSULQJ
DVFHQGLQJVORSHVDUHVPRRWKHUWKDQWKHDXWXPQGHVFHQGLQJZKLFKLVUHODWHGWRWKHWRXULVWLFGLVWULEXWLRQ:DWHUGHPDQG
GLVWULEXWLRQGXULQJWKHZLQWHUPRQWKVLVPRUHYDULDEOHSRVVLEO\GXHWRWKHPRUHLQWHQVHZHDWKHUYDULDELOLW\FDXVLQJ
WKHPRGHOV¶UHODWLYHGLIILFXOW\WRILW$OWKRXJKWKH$11VHHPVWRILWEHVWWKHYDULDELOLW\WKURXJKRXWWKH\HDUVLWGRHV
QRWVHHPFDSDEOHWRFDSWXUHWKHJHQHUDOO\DVFHQGLQJWUHQGDVWKHOLQHDUPRGHOVGR²QDPHO\$5,0$î
DQG:LQWHUV$GGLWLYH([SRQHQWLDO6PRRWKLQJ7KHK\EULGVHHPVWRILWDOPRVWDVZHOODVWKH$11IXUWKHUPRUH LW
FDSWXUHVWKHJHQHUDODVFHQGLQJWUHQGIURPRQH\HDUWRWKHQH[WWKDWOLQHDUPRGHOVFDQFDSWXUHDVZHOO


)LJ)LWDQGIRUHFDVWRIWKHQRUPDOL]HGPRQWKO\ZDWHUGHPDQG
7DEOH6WDWLVWLFDODPRXQWVIRUWKHDGHTXDF\RIPRGHOVIRUWKHPRQWKO\ZDWHUGHPDQG
0RGHO 5VTXDUH 506( 0$3( 0$(
1HXUDO    
$5,0$    
:LQWHUV¶$GGLWLYH    
+\EULG    

,Q7DEOHLQZKLFKZHSUHVHQWDOOUHOHYDQWVWDWLVWLFVRIWKHIRUHFDVWPHWKRGVXVHGRQHPD\DVVXPHWKDW$11LV
WKHEHWWHUILWWLQJPRGHOZLWKKLJK5VTXDUHDQGDSSUR[LPDWHO\QXOOHG506(0$3(DQGȂǹǼ7RVKRZWKHVDPH
DQDO\VLVLQDGLIIHUHQWIRUPDWZHSUHVHQWVFDWWHUSORWVRIREVHUYHGDQGSUHGLFWHGPRQWKO\ZDWHUGHPDQGYDOXHVIRUWKH
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IRXUGLIIHUHQWPHWKRGRORJLHVSUHVHQWHGKHUHLQ2EVHUYHGYDOXHVDUHSORWWHGRQWKH\D[LVZKLOHVLPXODWHGYDOXHVDUH
VKRZQRQWKH[D[LV$SHUIHFWILWZRXOGKDYHDOOGDWDIDOOLQJRQDGHJUHHOLQHWKDWJRHVWKURXJKWKHRULJLQ:HVHH
WKDWDOOPRGHOVKDYHDYHU\JRRGILWZLWKWKHQHXUDOQHWZRUNPHWKRGDSSHDULQJWRKDYHDOPRVWDOOSRLQWVRQWKH
GHJUHHOLQH)LJ+RZHYHUWKHVWDWLVWLFDODPRXQWVLQVXFKIHZSHULRGVDQGWKHVFDWWHUSORWVDUHQRWWKHRQO\FULWHULD
WREHWDNHQLQWRDFFRXQW%\VLPSO\REVHUYLQJWKHIRUHFDVWLQ)LJZHVHHWKDWWKHOLQHDUPRGHOVDQGWKHUHIRUHWKH
K\EULGFDQFDSWXUHWKHDVFHQGLQJWUHQG7KXVZHFRQFOXGHWKDWWKHK\EULGPRGHOLVDSRZHUIXOIRUHFDVWLQJWRROIRU
ZDWHUGHPDQGHYHQZKHQDOLPLWHGGDWDVHWLVRQO\DYDLODEOHZKLOHWKH$11FDQSURYLGHUHDOO\JRRGILWVDVZHOO
1DWXUDOO\WKHUHVXOWVZLOOEHFRPHVWURQJHULIPRUHH[WHQVLYHGDWDVHWVEHFRPHDYDLODEOH
,QDQHIIRUWWRSURFHVVWKHGDLO\ZDWHUGHPDQGWKHGDWDLVGLYLGHGLQWRWKUHHSHULRGVSHU\HDUWKHDVFHQGLQJDQG
GHVFHQGLQJVORSHSHULRGV$SULO$XJXVWDQG$XJXVW2FWREHUUHVSHFWLYHO\DQGWKHDOPRVWFRQVWDQWZLQWHU
SHULRG1RYHPEHU0DUFK0XOWLSOHPRGHOVDUHDSSOLHGWRZHHNHVWLPDWLRQSHULRGVLQRUGHUWRIRUHFDVW WKH
ILIWKRQHV1RPRGHOVHHPVWRDGHTXDWHO\ILWWKHGDLO\ZDWHUGHPDQGGLVWULEXWLRQGXHWRLWVQRLV\IOXFWXDWLRQKRZHYHU
WKHWZRVORSHSHULRGVDUHPXFKHDVLHUWRILWDQGWKHUHIRUHIRUHFDVWWKDQWKHZLQWHUSHULRGDVLWLVLQGLFDWHGE\WKH
DYHUDJHVRIWKH5VTXDUHYDOXHVRIWKHZHHNSHULRGVDPSOHVIRUWKHGLIIHUHQWSHULRGV7DEOH2QHH[SODQDWLRQ
LVWKDWWKHWRXULVWLFZDWHUGHPDQGZKLFKGRHVQRWH[KLELWZHHNO\VHDVRQDOLW\DQGPDLQO\FDXVHVWKHDVFHQWDQGGHVFHQW
DGYHUVDULDOWKHSHDNLVPDVVLYHO\RYHUVFDOLQJWKHGDLO\IOXFWXDWLRQRIZDWHUGHPDQG7KLVLPSOLHVWKDWZLWKPRUH
PLFURVFDOLQJUHFRUGLQJRIZDWHUGHPDQGLWVHHPVSRVVLEOHWRDFKLHYHDQDOPRVWUHDOWLPHZDWHUGHPDQGIRUHFDVWLQJ
LQWKHVXPPHUSHULRGZKHQLWLVPRUHHVVHQWLDO
7DEOH$GHTXDF\RIPXOWLSOHPRGHOV¶ILWWRGDLO\ZDWHUGHPDQGWKURXJKWKHDYHUDJH5VTXDUHIRUWKHSHULRGV
 $SULO$XJXVW $XJXVW2FWREHU 1RYHPEHU0DUFK
$YHUDJH5VTXDUHWKURXJKWKH
ZHHNSHULRGVDPSOHV   


)LJ6FDWWHUSORWVRIDFWXDODQGVLPXODWHGPRQWKO\ZDWHUGHPDQGIRUWKH$5,0$:LQWHUV
$GGLWLYH1HXUDODQG+\EULGPRGHOV
&RQFOXVLRQV
,QWKLVSDSHUZHLQWHUSUHWHGWKHXUEDQZDWHUGHPDQGSDWWHUQVWKURXJKDWKUHH\HDUWLPHVHULHVIRU6NLDWKRVLVODQG
DUHSUHVHQWDWLYH*UHHNWRXULVWLFUHVRUW7KHVXPPHUGHPDQGSHDNLVVL[WLPHVPXOWLSOHWKHZLQWHUOHYHODQGGHPDQG
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SDWWHUQVURXJKO\FRQVLVWRIDQDVFHQGLQJVSULQJVXPPHUVORSHDGHVFHQGLQJVXPPHUDXWXPQVORSHDQGDQDOPRVW
FRQVWDQWZLQWHUSDUW:HH[SORLWHGWKHVWUHQJWKVRIGLIIHUHQWSRSXODUDSSURDFKHVIRUXUEDQZDWHUGHPDQGIRUHFDVWLQJ
YLDXQLYDULDWHWLPHVHULHVDQDO\VLV7KHHIIRUWZDVPDGHIRUTXDUWHUO\PRQWKO\DQGGDLO\YDOXHVRIGHPDQG7KHRQO\
DSSOLFDEOHPRGHODPRQJWKHRQHVZHDSSOLHGIRUWKHTXDUWHUO\DYHUDJHGGDWDWKDWJDYHPHDQLQJIXOYDOXHVZDV WKH
:LQWHUV¶DGGLWLYH)RU WKHPRQWKO\DYHUDJHGGDWD WKH ILUVW DSSURDFK LVGHYRWHG WR VWDWLVWLFDO WLPHVHULHVPRGHOLQJ
XVLQJ$5,0$WKHVHFRQGRQHWR:LQWHUV¶$GGLWLYH([SRQHQWLDO6PRRWKLQJWKHWKLUGRQHWR$11VDQGWKHIRXUWKWR
DK\EULGDSSURDFK(DFKRQHRIWKHLQYHVWLJDWHGDSSURDFKHVSUHVHQWVWKHDGYDQWDJHRXVFKDUDFWHULVWLFVRIOLQHDUDQG
QRQOLQHDUPRGHOLQJ:HSUHVHQWHGWKHIRUHFDVWSURGXFHGIRUIRUWKHTXDUWHUO\DQGPRQWKO\DYHUDJHGGDWD7KH
GDLO\WLPHVHULHVFRXOGQRWEHGHVFULEHGE\DQ\PRGHOGXHWRWKHVSHFLILFQDWXUHRIWKHREVHUYHGYDOXHVZKLFKZHUH
QRWZDWHUPHWHUUHDGLQJVUHSUHVHQWLQJDFWXDOZDWHUFRQVXPSWLRQEXWZHUHJURXQGZDWHUSXPSLQJTXDQWLWLHVWKDWZHUH
VWRUHG LQ D WDQN IRU IXWXUH XUEDQ XVH +RZHYHU RQH FRXOG FRQFOXGH WKDW LW LV HDVLHU WR VLPXODWH LQFUHDVLQJ DQG
GHFUHDVLQJ VXPPHU GHPDQG UDWKHU WKDQ WKH ZLQWHU GHPDQG ZKLFK LV UHODWLYHO\ ORZ )RXU FRPPRQPHDVXUHV RI
DFFXUDF\ZHUHDSSOLHGWRDVVHVVPRGHOVSHUIRUPDQFH3HUIRUPDQFHRILQGLYLGXDOWLPHVHULHVPRGHOVZDVFRPSDUHGWR
GHFLGHWKHEHVWPRGHOVRDVWRHQVXUHDSSURSULDWHVLPXODWLRQDQGIRUHFDVWRIZDWHUGHPDQGWLPHVHULHV
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